Introduction
The Tropospheric Emission Spectrometer (TES) on the EOS-Aura spacecraft is an infrared Fourier Transform Spectrometer (FTS) that will record the Earth's spectral radiance f?om discrete locations along the orbit track in the frequency range 650 to 2250 cm?, (15.4 to 4.4 pn) [l] . The goal of this study is to determine, with simulated spectra, whether retrieved TES nadir ozone profiles are sensitive enough to capture the time variability observed in a set of real ozone measurements. To that end, we have acquired a set of 15 ozone sonde profiles from the Bermuda station taken between April 14 and May 25, 1993[2] . Each ozone-sonde profile set of temperature, H20, and ozone are mapped to the UARS pressure levels: log p , = 3 -i / N , where N=24 and i = 0,. . . ,23 . This mapping keeps the integrated ozone column amounts between pressure levels consistent with the column amounts of the original ozonesonde altitude grid. Because the ozone-sonde profiles only take measurements up to 10 millibars and the UARS pressure grid extends to 0.1 millibars, it is necessary to incorporate a realistic ozone profile between 10 and 0.1 millibars. Therefore, a URAP ozone climatology profile [3] is scaled onto the corresponding low pressure levels. Since TES will have a near repeat view of its nadir targets-separated by about 1" longitude--every 2 days, this set of ozone-sonde data, which is taken approximately every other day, provides a reasonable simulation of TES temporal sampling.
Assumptions about the instrument and model are required for any simulation. For this simulation we assume that (1) surface temperature, atmospheric temperature, and water amount have been accurately retrieved prior to the ozone retrievals. However, systematic errors fiom the retrieval of temperature are included in the error analysis as forward model parameter errors (41. (2) The signal-to-noise ratio (SNR) is 300; this SNR is much less than the optimal TES SNR of 1000, obtained by averaging radiances from all 32 pixels. The reduction accounts for rhe estimated precision of the radiative transfer cakularion. Gaussian white noise, with a standard deviation of 1.32~10-W (cm2 sr-' cm-I), is added into the simulated radiances associated with each ozone-sonde profile to account for this specific SNR. (3) There are no systematic errors associated with the instrument calibration or molecular line parameters. This last assumption might be unrealistic, but is necessary until multiple cross-comparisons with other satellite, ground-based, and aircrafl measurements, permit the accurate characterization ofthese errors.
Two-step retrieval strategy
The fine vertical structure and variability of ozone profiles lead to nonlinearities in the retrieval that result in numerical instabilities or unacceptably expensive computations. We address these problems by separating the retrieval. into two steps.
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This first step estimates the broad features of the ozone using a technique that we call the "shape retrieval". The ozone profile shape is unique in that the mixing ratio and number density peaks in the stratosphere (about 33 km).
We take advantage of this prior knowledge of ozone formation by constructing a set of retrieval parameters that are specific to the stratosphere and troposphere and that retrieve aspects of the ozone profile shape. In the stratosphere, we retrieve two parameters: (1) a scaling parameter that scales a pre-configured stratospheric profile and (2) a "shift" parameter that vertically adjusts the pre-configured stratospheric profile. We also retrieve two parameters associated with the troposphere: a scaling parameter and the ozone lapse rate. In this context we treat the stratosphere and troposphere as two separate atmospheres. We also calculate the sensitivities of these parameters with respect to the forward model.
The second step consists of retrieving a linear piece-wise approximation to the ozone profile that is constrained by a Tikhonov-type regularization [5] and by a constraint vector that is set to the ozone estimate of the shape retrieval. These steps are summarized as where F : IRM + RN is the forward model, zs E EM is the shape retrieval vector, Ms E RMxM' is the shape retrieval mapping matrix, y E RN is the measured spectral radiancc vector, Se E EtNxN is the measurement error covariance matrix, A is the Tikhonov constraint matrix, Ml E RMxM" is a piece-wise linear mapping matrix, Mi E RM'"M is its pseudo-inverse, z is the retrieval vector for the piece-wise linear retrieval, and i is the estimate of the ozone profile on the full-state vector-a finely spaced vertical log pressure grid on which the forward model is evaluated.
The error covariance of the two-step retrieval, which takes into account the time-varying constraint vector, is 
Results
Fig . 1 shows the results of the retrieval of ozone on April 30*, 1993, which contains interesting structure in the troposphere. The initial guess for the two-step retrieval is a combination of the AFGL standard ozone profile in the stratosphere and a constant .05 ppm profile in the troposphere. The estimate from the shape retrieval is then used as both an initial guess and constraint vector for the piece-wise linear retrieval. The resolution of the retrieval was calculated fi-om the averaging kernel to be approximately 6 km.
This resolution provides roughly 2 pieces of information in the troposphere. This information is represented as coIumns Ĩ I Fig. 2 where the error bars were calculated using equation (4). The retrieved columns capture the timevariability of the true columns; the correlation is 0.99 in the upper troposphere and .95 in the lower troposphere. ( 2 ) R = aLTL, where L is the discrete first derivative opera tor.
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Result Overview
(3) R = aLTL, where L is the discrete second derivative operator. LTL is normalized t o the logarithm of pressure and the strength ( a ) is chosen so that the degrees of freedom (trace of the averaging kernel) is about 9.
(4) R = Sa-', where Sa is from climatology.
The retrieval parameters are the logarithm of the vmr profile and Levenberg-Marquardt is used.
For the cases (1) -(3) the initial guess and a priori profiles are equal t o shape retrieval results whereas a climatology profile is used in case (4).
Constraints cont.
~
First derivative constraint:
e Purpose: smoothing the solution profile without shifting it towards t h e a priori profile. 
